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Description 

This inv ntion concerns a novel process for the preparation of azamacrocyclic or acyclic aminophosphonate est r 
derivatives. Such process provides ligands which ar useful as diagnostic or therap utic agents. 

5 Macrocyclic aminophosphate esters are receiving considerable att ntion as diagnostic and therapeutic agents. 

The general synthetic methodology for preparing chelating agents of this type utiliz s an amine in combination with 
phosphorous acid, formaldehyde and hydrochloric acid to provide the aminophosphonic acid, e.g. 1, 4,7,1 0-tetraaza- 
cyclododecane-1 ,4,7, 1 O-tetramethylenephosphonic acid (DOTMP). Alternatively, methylenephosphonate functionality 
can be introduced by substituting a di- or tri-alkyl phosphite in the place of phosphorous acid in the prior procedure, to 

10 generate the corresponding dialkylphosphonate ester. These esters can be hydrolyzed under basic conditions to give 
the monoalkylphosphonate half esters. In addition, these full esters can be hydrolyzed under acidic conditions to give 
phosphonic acids, e.g. DOTMP (see published application WO 91/07911). The general synthetic approach to amino- 
phosphonates using either di- or tri-alkyl phosphites is documented in the literature by the reaction of various linear 
amines and using standardized procedures. 

is WO 90/01034 discloses a process for the preparation of macrocyclic organic polyphosphonates by reacting a 

macrocyclic polyamine with formaldehyde and phosphoric acid. Reaction is prelerably carried out at or within 10*0 
below reflux conditions, typically for 1 to 6 hours. 

EP-A-382582 discloses a process for preparing tetra-aza macrocycles by reacting an amine compound with phos- 
phine such as a trialkyl phosphite in paraformaldehyde, followed by hydrolysis. The reaction is carried out at an elevated 

20 temperature, for example the reflux temperature. 

The present invention is directed to a process for preparing azamacrocyclic or acrylic aminophosphonate ester 
derivatives which possess at least one secondary or primary nitrogen atom substituted with at least one moiety of the 
formula 

-CH 2 P0 3 RR 1 (1) 

wherein: 

30 R is H or C y C s alkyl; with the proviso that each R is the same group; 

R1 is C r C 5 alkyl, H, Na or K; with the proviso that each R and R 1 is the same group when C r C 5 alkyl; 

which comprises reacting the corresponding unsubstituted amine compound with a trialkyl phosphite and paraformal- 
dehyde at a temperature below 40°C for the first hour of the reaction to provide the derivatives of Formula (1 ) wherein 
35 all R and R 1 equal C<,-C 5 alkyl; and 

(a) optionally followed by aqueous base hydrolysis to provide the derivatives of Formula (1) wherein R is C r C 5 
alkyl and R 1 is H, Na or K; and/or 

(b) optionally followed by acid hydrolysis to provide the derivatives of Formula (1) wherein all R and R 1 equal H. 

40 

When the above ligands of Formula (1) have: 

(i) all R and R 1 equal H, the ligands are referred to as phosphonic acids; 

(ii) all R equal H, and all R 1 equal O y C s alkyl, the ligands are referred to herein as phosphonate half esters; and 

(iii) all Rand R 1 equal C r C 5 alkyl, the ligands are referred to as phosphonate esters. 

In some of our copending applications and patents we have discussed the use of these azamacrocyclic or acyclic 
aminophosphonate ester derivatives of Formula (I) as diagnostic agents. Particularly, the half esters are useful as 
tissue specific magnetic resonance imaging (MRI) contrast agents when chelated with gadolinium. Several azamac- 
so rocyclic or acyclic aminophosphonic acids, e.g. DOTMP or EDTMP, when chelated with samarium-153 are useful as 
pain relief agents for calcific tumors in cancer patients. 

The compounds of Formula (I) which are azamacrocyclic or acyclic aminophosphonate ester derivatives which 
possess at least one secondary or primary nitrogen atom substituted with at least one moiety of the formula 

55 -CH 2 P0 3 RR 1 (I) 
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wher in: 

R is H or C V C S alkyl; with the proviso that each R is the same group; 

R1 is C r C 5 alkyl, H, Na or K; with the proviso that each Rand R 1 is th sam group wh n C r C 5 alkyl; 

5 

encompass known ligands and also those claimed in our copending applications. 

The ligands used as starting materials to make the compounds of Formula (I) are known in the art. Some examples 
of these acyclic amine ligands are 

10 ethylenediamine (EDA); 

diethylenetriamine (DTA); 
triethylenetetraamine (TTA); and 

numerous known linear or branch chain primary or secondary amines. 

75 

Some examples of azamacrocyclic amine ligands are 
1,4,7,10-tetraazacyclododecane (Cyclen); and 

other known secondary azamacrocyclic amines. 
20 The azamacrocyclic or acyclic aminophosphonate derivatives encompassed with a moiety of Formula (I) must 

have at least one secondary or primary nitrogen which is substituted with the moiety of Formula (I). Preferably, the 
number of nitrogen atoms present which may be substituted by a moiety of Formula (I) is from 2 to 10, preferably from 
2 to 6. Usually the nitrogen atoms are separated from each other by at least two carbon atoms. Thus these derivatives 
can be represented by the formula 

25 

A-(N-CH 2 CH 2 -N)q-Z (II) 

wherein : 

30 

q is an integer from 1 to 5 inclusive; 

A may be 0, 1 or 2 moieties of Formula (I) or hydrogen; 

Z may be 0, 1 or 2 moieties of Formula (I) or hydrogen; with the proviso that at least one A or Z moiety of Formula 
(I) is present; and 
35 A and Z may be joined to form a cyclic compound. 

Examples of suitable azamacrocyclic amine ligands that are discussed in our copending applications are shown 
by the following formula: 

40 



45 



50 



55 
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10 




15 The terms used in Formula (I) and for this invention are further defined as follows -C 5 alkyl", include both straight 

and branched chain alkyl groups. Trialkyl phospnite" includes any alkyl which in the resulting product of Formula (I) 
has desirable water solubility following hydrolysis, e.g. tri(C r C 10 alkyl) phosphite, preferably tri(C 1 -C 4 alkyl) phosphite, 
including both straight and branched chain alkyl groups. 

When the azamacrocyclic ligands of Formula (I) wherein the full esters (R and R 1 are both the same C r C 5 alkyl) 

20 are prepared, pressure is not critical so that ambient pressure is used. As the reaction is exothermic, the temperature 
is controlled to be maintained below 40*0 during the first hour; and after the first hour, the temperature can be raised 
to facilitate completion of the reaction but need not exceed about 90°C. The pH of the reaction is not critical and the 
reaction is non-aqueous. The reaction is run in the presence of a non-aqueous liquid, such as the trialkyl phosphite 
reagent or a solvent. A solvent is preferably used; examples of such solvents are: aprotic polar solvents such as 

25 tetrahyrdofuran (THF), dioxane, acetonitrile. and other similar inert, non-aqueous solvents; alcohols where the alkyl 
portion is the same as the R obtained, such as methanol, ethanol and propanol. THF is the preferred solvent. The 
order of addition of the reactants and the azamacrocyclic or acyclic aminophosphonate starting material is not critical. 

When the acyclic ligands of Formula (I) wherein the full esters (R and R 1 are both the same C r C 5 alkyl) are 
prepared, the reaction is significantly more exothermic. It is critical to control the temperature below 40°C for the first 

30 hour of the reaction. Methods to effectively control the temperature are known, such as the presence of an ice bath, 
dilution with solvents or the order and/or speed of addition of reagents. For example, one method involves combining 
the trialkyl phosphite and paraformaldehyde and initially cooling the mixture, followed by the controlled addition of the 
acyclic amine, while maintaining the temperature by using an ice bath. 

All the ligands of Formula (I) wherein the half esters are prepared (R = C r C 5 alkyl and R 1 = H, Na or K) by aqueous 

35 base hydrolysis is accomplished after the formation of the corresponding full ester Examples of suitable bases are al 
kai i metal hydroxides, e.g. sodium or potassium hydroxide. The amount of base used is from about 1-10 equivalents 
per secondary amine or 2-20 equivalents per primary amine. As the alkyl chain length of the R or R 1 group is propyl 
or higher, then a cosolvent is used with the water. Suitable examples of such cosolvents are organic water miscible 
solvent, such as 1,4-dioxane, THF and acetone. 

40 The full acids of the ligands of Formula (I) may be made from the corresponding half esters or full esters under 

known acidic hydrolysis conditions (see published application WO 91/07911). 

The present process is advantageous over those methods known in the art for the following reasons. The prior 
orocesses in which dialkyl phosphites under aqueous conditions are used give good results for acyclic amines, but 
less predictable results are obtained when macrocyclic ligands are employed. Furthermore, the macrocyclic ligand 

45 cyclen is used, none of the desired ester is isolated. In contrast to the art, when the present process is used, the des, 
red products of Formula (I) are obtained in all instances with yields in excess of 90%. 

The invention will be further clarified by a consideration of the following examples, which are intended to be purely 
exemplary of the present invention. Some terms used in the following examples are defined as follows: g = grants); 
mg = milligrams; kg = kilogram(s); mL = milliliter(s); ul = microliter(s). 

so 

General Materials and Methods. 

All reagents were obtained from commercial suppliers and used as received without further purification. NMR 
spectra were recorded on a Bruker AC-250 MHz spectrometer equipped with a multi-nuclear quad probe ( 1 H, 13 C, 31 P, 
55 and 19 F) at 297°K unless otherwise indicated. 1 H spectra in D 2 0 were recorded by employing solvent suppression 
pulse sequence ("PRESAT", homo-nuclear presaturation). 1 H spectra are referenced to residual chloroform (in CDCI3) 
at 87.26 or external dioxane (in D a O) at 53.55 13 C and 31 P spectra reported are proton decoupl d (broad band). As- 
signments of 13 C pH) chemical shifts were aided by DEPT (Distortionless Enhancement by Polarization Transfer) 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



experiments. 13 C { 1 H} spectra ar r f renced to center p ak of CDCI 3 at 877.00 (in CDCI 3 ) and xt mal dioxan at 
866.66 (in D 2 0). 31 P { 1 H} spectra w r referenced to xtemal 85% H 3 P0 4 at 80.00. Melting points wer det rmined 
by capillary melt methods and wer uncorrected. Semipreparative ion-exchange chromatographic separations were 
performed at low pr ssure (< 600 psi) using a standard glass column fitted with hand-pack d OS pharos ™ (anion 
exchange) or SP-Sepharose™ (cation xchange) glass column, and with on-line UV detector at 263 nm f r luent 
monitoring. GC/MS spectra were performed on a Hewlett Packard 5B90A Gas Chromatography 5970 Mass Selective 
Detector. 

The process to make the full ester derivatives of Formula (I) has been discussed before. A typical procedure is as 
follows: 

Example 1 : Process for preparing 1 ,4,7, 1 0-tetraazacyclododecane-1 ,4,7, 1 0-methylenedibuty I phosphonate. 

Cyclen, 10 g (58 mmol), tributyl phosphite, 62 g (246 mmol) and paraformaldehyde, 7.4 g (246 mmol) were com- 
bined in 70 mL of THF and stirred at room temperature (the temperature was maintained below 40°C) for 24 hrs. The 
homogeneous solution was then concentrated in vacuo to give a viscous oil (quantative yield) and characterized by: 
iHNMR (CDCI 3 ) 

80.88 (m, 24H), 1.33 (m, 16H), 1.59 (m, 16H), 2.80 (s, 16H), 2.90 (d, 8H), 4.00 (m, 16H); and 
13 C pH} NMR(CDCI 3 ) 

8 13.51, 18.65, 32.49, 32.57, 49.04, 51.45, 53.10, 53.18; and 
31P NMR(CDCI 3 ) 

8 26.16 (s, 4P); and is illustrated by the formula 



Example 2: Process for preparing 1, 4,7, 10-tetraatacyclododecane-1, 4,7,1 0-methylenediethyl phosphonate. 

When the procedure of Example 1 was repeated using triethyl phosphite in place of the tributyl phosphite, the title 
compound was obtained as viscous oil in greater than 98% yield and characterized by: 
1 H NMR (CDCI 3 ) 

8 1.19 (m, 24H), 2.71 (s, 16H), 2.80 (d, 8H), 4.01 (m, 16H); and 
13 C { 1 H} NMR (CDCI 3 ) 

8 15.32, 15.42, 42.23, 51.67, 53.18, 53.28, 61.34, 61.45; and 
31 P NMR (CDCI 3 ) 

8 26.02 (s, 4P); and is illustrated by the formula 



Example 3 : Preparation of N,N , -bis(methylenedimethylphosphonate)-2,11-diazal3.3](2,6)pydinophane. 

When the procedure of Example 1 was repeated using trimethyl phosphite in place of the tributyl phosphite and 
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2,11 -diaza(3.3](2,6)pydinophane in place of Cyclen, th title compound was obtained as a very viscous oil in greater 
than 95% yield and further characterized by: 
1 H NMR (CDCI3) 

5 3.39 (d, 4H), 3.88 (d, 12H), 4.08 (s. 8H), 6.84 (d, 4H), 7.13 (t, 2H); and 
i3CpH}NMR(CDCl 3 ) 

6 52.75 (d), 54.88 (d). 65.21 (d), 122.71, 135.69, 157.14; and 
31PNMR(CDCI 3 ) 

5 27.22; and is illustrated by the formula 




Example 4 : Preparation of N,N , -bis(methylenediethylphosphonate)-2.11-diaza[3.3](2,6)pydinophane. 

When the procedure of Example 1 was repeated using triethyl phosphite in place of the tributyl phosphite and 
2,11-diaza[3.3]{2,6)pydinophane in place of Cyclen, the title compound was obtained as a very viscous oil in greater 
than 95% yield and further characterized by: 
'H NMR (CDCI3) 

5 1.24 (t, 12H), 3.20 (d, 4H), 3.94 (s, 8H), 4.07 (q, 8H), 6.71 (d, 4H), 6.98 (t, 2H); and 
13 C pH} NMR (CDCI3) 

5 16.48, 55.36(d), 61.75 (d), 65.14(d), 122.52, 135.41, 157.04; and 

31 P { 1 H} NMR (CDCI3) 

5 24.60; and is illustrated by the formula 




Example 5 : Preparation of N-(2-pyriciylmethyl)-N , l N",N B, -tris(methylenediethylphosphonate)- 
1,4,7,1 0-tetraazacyclododecane. 

When the procedure of Example 1 was repeated using triethyl phosphite in olace of the tributyl phosphite and N- 
(2-pyridylmethyl)-t .4,7,1 0-tetraazacyclododecane in place of Cycien, the title compound was obtained as a very vis- 
cous oil in greater than 95% yield and further characterized by: 
1 H NMR (CDCI3) 

5 1.25 - 1.39 (m, 18H), 2.66 - 2.95 (m, 22H), 3.71 (s. 2H), 4.01 - 4.22 (m. 12H), 7.10 - 7.15 (m, 1H), 7.57 - 7.65 (m, 
2H), 8.46 - 8.52 (m, 1H); 
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13C pH} NMR (CDCI 3 ) 

5 16.38, 16.46, 50.45. 50.67, 52.41, 53.19, 53.29, 53.48, 53.58, 61.37, 61.47, 61.52, 121.67, 123.28. 136.19, 148.61, 
159.90; and 

31 P {1H} NMR (CDCI 3 , 297°K) 
5 26.21; 

31P{1H} NMR (CDCI3, 217°K) 

5 24.18 (1 P), 24.32 (2P); and is illustrated by the formula 



10 



1$ 



(H 5 C 2 ) 2 0 3 P-H 2 C 



(H 5 C 2 ) 2 0 3 P-H 2 C 



i — i/ 

c. :□ 





CH 2 -P0 3 (C 2 H 5 ) 2 



20 Example 6: Preparation of N-(2-pyridylmethyl)-N , ,N B ,N"-tris(methylenedipropylphosphonate)- 
1 ,4,7,10-tetraazacyclododecane. 

When the procedure of Example 1 was repeated using tripropyl phosphite in place of the tributyl phosphite and N- 
(2-pyridylmethyl)-1 ,4,7,10-tetraazacyclododecane in place of Cyclen, the title compound was obtained as a viscous 
25 oil in greater than 95% yield and further characterized by: 
1HNMR(CDCI 3 ) 

5 0.91 -1.00 (m, 18H),1. 60-1.76 (m, 12H), 2.67-2.99 (m, 22H), 3.73 (s, 2H), 3.94-4.08 (m, 12H), 7.12-7.15 (m, 1H), 
7.46-7.67 (m, 2H), 8.48 - 8.52 (m, 1 H); 
13C pHJ NMR (CDCI3) 

30 5 9.93. 10.21, 23.71, 23.80, 50.17, 50.44, 52.38. 53.09. 53.44. 61.44. 66.79. 66.83, 121.61. 123.23, 136.14, 148.54, 
159.92; and 
31P{1H} NMR (CDCI3) 

5 26.20 (1 P), 26.23 (2P); and is illustrated by the formula 



35 



40 



45 



(H 7 C 3 ) 2 0 3 P-H 2 C 



N' 




(H 7 C 3 ) 2 0 3 P-H 2 C 



N 



N 



CH 2 -P0 3 (C 3 H ? ) 2 



Example 7 : Preparation of 3.6.9J 5-tetraazabicyclof 9.3.1 Jpentadeca-1 (15), 11,1 3-triene- 
3,6,9-methylenediethylphosphonate. 

When the procedure of Example 1 was repeated using triethyl phosphite in place of the tributyl phosphite and 
so 3 t 6,9,15-tetraazabicyclo[9.3.1]pentadeca-1(15), 11,13-triene in place of Cyclen, the title compound was obtained as a 
viscous oil in greater than 95% yield and further characterized by: 
1 H NMR (CDCI3) 

5 1.23 (m, 18H), 2.77 (m, 12H), 3.04 (d, 6H), 4.13 (m, 12H), 7.17 (d,2H), 7.60 (t, 1H); and 
13c NMR (CDCI3) 

55 5 16.43, 50.03, 50.31, 50.43, 50.77, 51 23, 51.38, 52.63, 53.30, 60,86, 60.92, 61.63, 61.74, 61.83, 61.93,62.32, 76.46, 
76.97, 77.18, 77,48, 122.50, 137.10, 157.18; and 
3i P NMR (CDCI 3 ) 

5 24.92 (s, 2P), 24.97 (s, 1P); and is illustrated by the formula 



7 



EP 0 698 029 B1 



5 



10 




CH 2 -P0 3 (C 2 H 5 ) 2 



is Example B : Preparation of 3,6,9, 1 5-tetraazabicyclo(9.3. 1 ]pentadeca-1 (1 5), 1 1 , 1 3-triene-3.6, 9-methylenedi(n-propyl) 
phosphonate. 

When the procedure of Example 1 was repeated using tripropyl phosphite in place of the tributyl phosphite and 
S.e^.lS-tetraatabicyc^.S.llpentadeca-HISJJl.lS-triene in place of Cyclen, the title compound was obtained as a 
20 viscous oil in greater than 95% yield and further characterized by: 
1 H NMR (CDCI 3 ) 

8 0.88(m,18H), 1.61 (m, 12H), 2.72 (m, 12H), 3.03 (d, 6H). 3.97 (m, 12H),7.13(d, 2H), 7.55 (t, 1H); and 
13c NMR (CDCI 3 ) 

8 9.96, 23.73, 49,84, 50.14, 50.26, 50.57, 51.11, 51.23. 52.43, 53.01, 60.78, 60.84, 67.27, 67 40, 122.48, 137.04, 
25 157.16; and 

31P NMR (CDCI3) 

5 24.98 (3P); and is illustrated by the formula 




2 



40 CH 2 -P0 3 (C 3 H 7 ) 2 



Example 9 : Preparation of 3,6,9,15-tetraazabicyclo[9.3.1]pentadeca-1(15),11,13-triene-3,6,9-methylenedi(n-butyl) 
phosphonate. 

45 

When the procedure of Example 1 was repeated using tributyl phosphite in place of the tributyl phosphite and 
3,6,9,15-tetraazabicyclo(9.3.1]pentadeca-l(15),11,13-triene in place of Cyclen, the title compound was obtained as a 
viscous oil in greater than 95% yield and further characterized by: 
*HNMR(CDCI 3 ) 

so 80.84 (m, 18H), 1.27 (m. 12H), 1.58(m, 12H), 2.57(m, 12H), 3.01 (d, 6H), 3.99 (m, 12H), 7.12 (d, 2H), 7.54 (t, 1H); and 
1J *C NMR (CDCI3) 

5 13.42, 13.46, 18.50, 18.59, 32.16, 32.43, 49.88, 50.03, 50.16, 50.63, 51.11, 51.27, 52.48, 53.16, 60.71, 60.78, 65.38, 
65.48, 65.58, 122.46, 136.96, 157.14; and 
31P NMR (CDCI3) 
55 8 24.88 (2P), 24.93 (1 P); and is illustrated by the formula 
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(H 9 C 4 ) 2 0 3 P-H 2 C-N 



N-CH 2 -P0 3 (C 4 H 9 ) 2 




N 




10 



CH 2 -?0 3 (C 4 H 9 ) 2 



25 



30 



35 



40 



45 



SO 



The process to hydrolyze with base the full ester derivatives of Formula (I) to prepare the half esters of Formula 
(I) has been discussed before. Atypical procedure is as follows: 

Example 10 : Preparation of i^JJO-tetracyclododecane-I.AJ.IO-tetramethylenebutylphosphonate, potassium salt. 

The ester prepared in Example 1 , 3 g (3 mmol) was combined in an aqueous dioxane solution (100 mL water: 25 
mL dioxane), along with 3 g of KOH (48 mmol). The solution was stirred at reflux for 16 hrs. The one desired titled 
product was obtained as a solid (94% yield) as characterized by: 
31 P NMR (D 2 0) 

5 21.87 (s, 4P); and is illustrated by the formula 



For other ester derivatives where the alkyl ester is -C 3 alkyl, hydrolysis proceeds without the dioxane cosolvent. 

Example 11 : Preparation of N.N'-bisfmethylenephosphonic acid ethyl ester)-2 t 11-diaza[3.3](2,6)pydinophane 
(BP2EP). 

When the procedure of Example 10 was repeated using ester of Example 4, the title compound was obtained as 
a solid in greater than 95% yield and further characterized by: 
1 H NMR (D 2 0) 

5 1.10 (t, 6H), 2.97 (d, 4H), 3.81 (q, 4H), 3.84 (s, 8H), 6.73 (d, 4H), 7.09 (t, 2H); and 
13C { 1 H} NMR (D 2 0) 

5 18.98, 58.76(d), 63.69 (d), 66.53 (d), 126.35, 140.09, 159.37; and 

31 P pH} NMR (D 2 0) 

5 20.65;; and is illustrated by the formula 
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is Example 12 : Preparation of a.e.QJS-tetraazabicycloJQ.S.Ilpenladeca-lflSJ.H ,13-triene-3,6,9-methytene(n-butyl) 
phosphonate tris(potassium salt) (PMBHE). 

When the procedure of Example 10 was repeated using ester of Example 9, the title compound was obtained as 
a solid in greater than 95% yield and further characterized by: 
20 1 H NMR (D 2 0) 

5 0.68 (m, 9H). 1.14 (m, 6H), 1.37 (m, 6H), 2.76 (d, 6H), 3.41 (m. 12H), 3.73 (m, 6H), 7.24 (d, 2H), 7.76 (t, 1H); and 
13 CNMR (D 2 OJ 

515.76. 15.80, 21.12, 21.20, 34.96, 35.06, 35.14, 52.08, 52.53, 53.38, 53.48, 54.49, 54.75, 57.70, 57.76, 61.86,67.65, 
67.75, 67.98, 68.08, 125.15,142.93, 152.25; and 
25 3ip NMR 

5 9.73 (s, 2P), 21.00 (s, 1 P) ; and is illustrated by the formula 



30 



35 




CH 2 -P0 3 C 4 H 9 



Example 1 3 : Preparation of 3,6,9, 154etraazabicyclo[9.3.1]pen^ 
phosphonate tris(potassium salt) (PMPHE). 

45 when the procedure of Example 10 was repeated using ester of Example 8, the title compound was obtained as 

a solid in greater than 95% yield and further characterized by: 
31P NMR 

6 20.49 (s, 3P); and is illustrated by the formula 



55 
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is Example 14 : Preparation of 3,6,9J54etraazai3lcyclo(9.3.1]pentadeca--1(15),11,13-triene- 
3,6,9-methyleneethylphosphonate tris(potassium salt) (PMEHE). 

When the procedure of Example 10 was repeated using ester of Example 7, the title compound was obtained as 
a solid in greater than 95% yield and further characterized by: 
20 13CNMR(D 2 0) 

5 18.98, 19.82, 51.78, 52.06, 53.08, 54.46, 54.68. 57.01, 58.22, 60.24, 63.19, 63.25, 63.36, 63.49, 63.59, 63.95, 64.18, 
64.25, 66.80, 126.62, 141.63, 159.40; and 
31 P NMR (D 2 0) 

5 20.58 (s, 2P), 20.78 (s, 1 P); and is illustrated by the formula 



30 



35 




CH 2 -P0 3 C 2 H 5 



40 Example 15 : Preparation of N-(2-pyridylmethyl)-N , ,N',N"-tris(methylenephosphonic acid ethyl ester)- 
1 ,4,7,10-tetraazacyclododecane (PD3EP). 

When the procedure of Example 10 was repeated using ester of Example 5, the title compound was obtained as 
a solid in greater than 95% yield and further characterized by: 
45 m NMR (D 2 0, 338° K) 

5 1.41 - 1.57 (m, 9H), 3.28 - 3.89 (m, 22H), 4.09 - 4.64 (m, 8H), 8.22 - 8.26 (m, 2H), 8.70 - 8.75 (m, 1H), 9.00 - 9.12 
(m, 1H); and 

13 C { 1 H} NMR (D 2 0. 338° K) 

5 19.41, 19.51, 52.58, 53.00, 52.31, 53.75, 53.82, 56.04, 59.53, 64.60,64.76, 129.86, 131.41, 147,31, 149.06, 154.34; 
so and 

31P ?H] NMR (D 2 0, 338°K) 

5 9.64 (2P), 19.79 (1P);and is illustrated by the formula 



55 
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H(H.C,)0,P-H,C 

- . 

H ( H 5 C 2 )0 3 ?-H 2 C I ! CH 2 -P0 3 ( C 2 H 5 ) H 

Example 16: Preparation of N-(2-pyrkiylmethyl)-N\NVN' , -tris(methylenephosphonlc acid propyl ester)- 
1,47,10-tetraazacyclododecane (PD3PP). 

When the procedure of Example 10 was repeated using ester of Example 6, the title compound was obtained as 
a solid in greater than 95% yield and further characterized by: 
iHNMR (D 2 0, 353° K) 

6 1.24 -1.36 (m. 9H), 1.95 - 2.04 (m, 6H), 3.03 - 3.29 (m, 22H), 4.10 - 4.25 (m, 8H), 7.74 - 7.92 (m, 2H), 8.23 - 8.29 
(m, 1 H), 8.87 - 8.96 (m, 1H); and 
pH} NMR (D 2 0, 353 9 K) 

5 13,15, 27.20, 50.43, 53,89, 54.48, 54,98. 55.42, 64.33, 69.41, 126.38, 128.30, 141.24, 152,46, 161.45; and 
31P{1H} NMR (D 2 0, 353°K) 

5 21.61 (2P), 21.95 (1P); and is illustrated by the formula 





The process to make the phosphonic acid derivatives of Formula (I) has been discussed before. A typical procedure 
is as follows: 

Example 17 : Preparation of N,N'-bis(methylenephosphonic acid)-2,11-diaza[3.3](2,6)pydinophane (BP2P). 

A cone. HCI solution (37%,4 mL) of N,N , -bis(methylenedimethylphosphonate)-2,11-diaza[3.3](2,6)pydinophane, 
prepared in Example 3, (255 mg, 0.53 mmol) was heated at reflux for 2.5 hr. After cooling, the solution was evaporated 
to dryness, followed by coevaporation with fresh deionized water (3X2 mL) to eliminate excess HCI. The final product 
was isolated as a hygroscopic brown solid upon f reeze-drying of the concentrated aqueous solution; and characterized 

by: 

iH NMR (D2O) 

5 3.55 (d, 4H), 4.46 (br s, 8H), 6.90 (d, 4H), 7.37 (t, 2H); and 
13C{1HJ NMR (D 2 0) 

5 57.80 (d), 63.74 (d),l27.02, 144.18, 152,96; and 

aippH) NMR (D 2 0) 

8 11 .71 ; and is illustrated by the formula 
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10 



15 



25 



H 2 0 3 P--H 2 C-N 




Example 18: Preparation of Ethylenediaminetetramethylenephosphonic acid (EDTMP). 



To a cooled (0°C) THF solution (20 mL) of triethyl phosphite (23 g, 140 mmol) and paraformaldehyde (4.2 g, 140 
mmol) was added ethylenediamine (2 g, 33.3 mmol) with stirring. After complete addition the solution was gradually 
warmed to room temperature and stirring continued for 12 hrs. The solution was then concentrated in vacuo to give 
the tetraethyl phosphonate ester as a viscous oil. 
20 The tetraethyl phosphonate ester (2 g) was heated to 100°C for 6 hrs. in 12MHCI (50 mL). The solution was then 

cooled in an ice bath to give EDTMP as a white crystalline solid. 

Other embodiments of the invention will be apparent to those skilled in the art from a consideration of this speci- 
fication or practice of the invention disclosed herein. It is intended that the specification and examples be considered 
as exemplary only, with the scope of the invention being indicated by the following claims. 



Claims 



1. A process for preparing an azamacrocyclic or acyclic aminophosphonate ester derivative which possess at least 
30 one nitrogen atom substituted with at least one moiety of the formula 

-CH.PO-RR 1 (1) 



55 wherein: 

R is H or C r C 5 alkyl; with the proviso that each R is the same group; 

R 1 is C r C 5 alkyl, H, Na or K; with the proviso that each R and R 1 is the same group when C r C 5 alkyl; 

*o which comprises reacting the corresponding unsubstituted amine compound with a trialkyl phosphite and parafor- 

maldehyde at a temperature below 40°C for the first hour of the reaction to provide the corresponding derivative 
substituted with at least one moiety of Formula (1 ) wherein all R and R 1 are each CVC5 alkyl; and 

(a) optionally followed by aqueous base hydrolysis to provide the corresponding derivative substituted with 
45 moiety of Formula (1) wherein R is C r C 5 alkyl and R 1 is H, Na or K; and/or 

(b) optionally followed by acid hydrolysis to provide the corresponding derivative substituted with moiety of 
Formula (1 ) wherein R and R 1 are both H. 

2. The process of Claim 1 wherein R and R 1 are both C r C 5 alkyl. 

so 

3. The process of Claim 2 which comprises reacting cyclen with tributyl phosphite or triethyl phosphite, and parafor- 
maldehyde in THF, so as to produce l,4,7,10-tetraazacyclododecane-1,4,7,10-methylenedibutyl phosphonate or 
1,4,7,10-tetraazacyclododecane-1 ,4,7,10-methylenediethyl phosphonate respectively. 

55 4. The process of Claim 2 which comprises reacting 2,11-diaza[3,3] (2,6)pydinophane with trimethyl phosphite or 
triethyl phosphite, and paraformaldehyde in THF, so as to produce N,N'-bis(m thylenedimethyl-phosphonate)- 
2.11-diaza[3,3) (2,6)pydinophane or N.N'bis (methylenediethylphosphonate)-2,1Vdiaza[3,3](2 ( 6)pydinophan re- 
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spectively. 

5. The process of Claim 2 which comprises reacting N-(2-pyridylmethyl)-1 ,4,7,1 O-tetraazacyclododecane with triethyl 
phosphite or tripropyl phosphite and paraformaldehyde in THF so as to produc N-(2-pyridylmethyl)-N , ,N",N ,M -tris- 
(methyienediemylphosphc>nate)-1,4,7,10-tetraa2acyclcxiodecane or N-(2-pyridylmethyl)-N , ,N',N ,M -tris-(methylen- 
edipropylphosphonate)-1 ,4,7,1 0-tetraazacyclododecane respectively. 

6. The process of Claim 2 for preparing 3,6.9,15-tetraazabicyclo(9.3.1]pentadecaO(15),11,13-triene-3,6,9-methyi- 
enediethylphosphonate which comprises reacting 3,6,9,15-tetraazabicyclo(9.ai]pentadeca-1(15),11,13-triene 
with triethyl phosphite and paraformaldehyde in THF. 

7. The process of Claim 2 which comprises reacting3,6,9,15-tetraa2abicyclol9.3.1]pentadeca-1(15),11.13-trienewim 
tripropyl phosphite or tributyl phosphite, and paraformaldehyde in THF, to produce 3,6,9, 1 5-tetraazabicyclo(9. 3.1] 
pentadeca-1 (1 5), 1 1 , 1 3-triene-3,6,9-methylenedi(n-propyl)phosphonate or 3,6, 9, 1 5-tetraazabicyclo(9.3. 1 ]penta- 
deca-1 (1 5),1 1 ,1 3,-triene3.6,9-methylenedi(n-butyl)phosphonate respectively. 

8. The process of Claim 1 wherein each group R is H, Na or K and each group R 1 is C r C 5 alkyl. 

9. The process of Claim 8 which comprises 

(a) reacting cyclen with tributyl phosphite and paraformaldehyde in THF to form 1 ,4,7,1 O-tetraazacyclodo- 
decane-1,4,7,10-methylenedibutyl phosphonate, separating the formed intermediate, and then carrying out 
basic hydrolysis with KOH in a cosolvent of water and dioxane to form 1, 4,7,1 O-tetracyclododecane- 
1,4,7,10-tetramethylenebutylphosphonate, tetrapotassium salt. 

(b) reacting 2,11-diaza[3.3) (2,6)pydinophane with triethyl phosphite and paraformaldehyde in THF to form N, 
N'-bis (methylenediethylphosphonate)-2,l 1 -diaza(3.3] (2,6)pydinophane, separating the formed intermediate, 
and then carrying out basic hydrolysis with KOH in water to form N,N'bis(methylenephosphonic acid ethyl 
ester)-2, 1 1 -diaza[3.3] (2.6)pydinophane, 

(c) reacting 3,6,9,15-tetraa2abicyclo{9.3.1]-pentadeca-1(15) t 11,13-triene with tributyl phosphite and parafor- 
maldehyde in THF to form 3,6,9,15-tetraazabicyclo-[9.3.1]pentad 

butyl)phosphonate, separating the formed intermediate, and then carrying out basic hydrolysis with KOH in a 
cosolvent of water and dioxane to form 3,6,9, 15-tetraazabicyclo[9. 3.1 ]pentadeca-1 ( 15), 11,1 3-triene- 
3,6,9-methylene(n-butyl)phosphonate tris (potassium salt), 

(d) reacting 3,6,9, 1 5-tetraazabicyclo(9.3. 1 ]pentadeca-1 (1 5), 1 1 , 1 3-triene with tripropyl phosphite and parafor- 
maldehyde in THF to form 3,6,9, 1 5-tetraazabicyclo[9.3. 1 ]pentadeca-1 (1 5), 1 1 , 1 3-triene-3,6,9-methylenedi(n- 
propyl)phosphonate, separating the formed intermediate, and then carrying out basic hydrolysis with KOH in 
water to form 3,6,9,15-tetraazabicycto[9.ai)pentade^ 

phonate tris(potassium salt), 

(e) reacting 3,6,9, 15-tetraazabicyclo(9.3.1]pentadeca-1 (15), 11,1 3-triene with triethyl phosphite and parafor- 
maldehyde in THF to form 3,6,9,15-tetraazabicyclo(9.3.1]pentadeca-1(15),11,13-triene-3,6.9-methylenedi- 
ethylphosphonate, separating the formed intermediate, and then carrying out basic hydrolysis with KOH in 
water to form 3,6,9,15-tetraazabicyclc{9.3.1]-pem 

nate tris(potassium salt), 

(f) reacting N-(2-pyridylmethyl)-1 ,4,7,1 0-tetraazacyclododecane with triethyl phosphite and paraformaldehyde 
in THF to form N-(2-pyridylmethyl)-N , ,N , ,N"Mris (methylenediethyl-phosphonate)-l ,4,7,1 0-tetraazacyclodo- 
decane, separating the formed intermediate, and the carrying out basic hydrolysis with KOH in water to form 
N-(2-pyridylmethyl)-N , ,N ,, ,N m -tris(methylenephosphonic acid ethyl ester)-1 ,4,7,1 0-tetraazacyclododecane, or 

(g) reacting N-(2-pyridylmethyl)- 1,4, 7,1 0-tetraazacyclododecane with tripropyl phosphite and paraformalde- 
hyde in THF to form N-(2-pyridylmethyl)-N\^N^ 

clododecane, separating the formed intermediate, and then carrying out basic hydrolysis with KOH in water 
to form N-(2-pyridylmethyl)-N , ,N",N ,M -tris (methylenephosphonic acid propyl ester)-1 ,4,7,1 0-tetraazacyclodoe- 
cane. 

10. The process of Claim 1 wherein each R and each R 1 is H, Na or K. 

11. The process of Claim 10 which comprises reacting 2, 11 -diaza[3.3] (2,6)pydinophane with trimethyl phosphite and 
paraformaldehyde in THF to form N,N'-bis(methylenedimethylphosphonate)-2,11-diaza[3.3] (2,6) pydinophane, 
and hydrolysing the formed intermediate with heated HCI to produce N.N'-bis (methylenephosphonic acid)-2, 11 -di- 
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aza[3.3] (2,6)pydinophane. 

12. The proc ss of Claim 1 wherein th trialkyl phosphit is a tri(C r C 4 alkyl) phosphite. 

5 13. The process of Claim 1 or Claim 2, wherein the aqueous base hydrolysis is carried out using an alkali metal 
hydroxide. 

14. The process of any one of Claims 1 , 1 2 or 1 3, wherein the R or R 1 group is C 3 -C 5 alkyl and aqueous base hydrolysis 
is carried out in the presence of an organic water miscible cosolvent. 

10 

15. The process of any one of the preceding Claims, wherein the derivative is an azamacrocyclic ligand where R and 
R 1 are the same and are C,*C S alkyl, and the temperature is maintained below 40°C during the first hour of the 
reaction. 

is 16. The process of Claim 1 , wherein the derivative is an azamacrocyclic ligand, wherein R and R 1 are both the same 
and are C r C 5 alkyl, and wherein a non-aqueous liquid is present. 

17. The process of Claim 16, wherein the liquid is an aprotic polar solvent or an alcohol. 

20 is. The process of Claim 17, wherein the solvent is tetrahydrofuran. 

19. The process of Claim 1 wherein the derivative is an acyclic amine, wherein R and R 1 are the same and are C r C 5 
alkyl, and the temperature is maintained below 40°C during the first hour of the reaction. 

25 20. The process of Claim 19, wherein a trialkyl phosphite and paraformaldehyde are combined and initially cooled, 
followed by the controlled addition of the acyclic amine, and the temperature is maintained by using an ice bath. 

21. The process of Claim 19 or Claim 20, wherein the acyclic amine is ethylenediamine, diethylenetriamine, or trieth- 
ylenetetraamine. 

30 

22. The process of Claim 21 , wherein base hydrolysis provides the mono-alkyi phosphonates. 

23. The process of Claim 22, wherein acid hydrolysis provides the corresponding phosphonic acids derivatives which 
are ethyl enediaminetetramethylenephosphonic acid, diethylenetriaminepentramethylenephosphonic acid, or tri- 

35 ethylenetetraamine-hexamethylenephosphonic acid. 

24. The process of Claim 1, wherein the azamacrocyclic or acyclic aminophosphonate derivative is represented by 
the formula 

A- (N-CH 2 CH 2 -N) q -Z (2) 

wherein: 

45 q is an integer from 1 to 5 inclusive; 

A is 0, 1 or 2 moieties of Formula (1) as defined in Claim 1 or hydrogen; 
Z is 0, 1 or 2 moieties of Formula (1) as defined in Claim 1 or hydrogen; 

with the proviso that at least one A or Z moiety of Formula (1 ) as claimed in Claim 1 is present; 
50 and 

A and Z may be joined to form a cyclic compound. 



Patentanspruche 

55 

1 . Verfahren zur Herstellung eines azamacrocyclischen Oder acyclischen Aminophosphonat ster-Derh/ates, welch s 
mindestens in Stickstoffatom besitzt. das mit mindest ns einer Gruppe der Formel 
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-CH 2 P0 3 RR 1 (1) 

substituiert ist, worin: 

5 

R H Oder ein C r C 5 -Alkyl ist; mit der MaBgabe, daB jedes R dieselbe Gruppe ist; 

R1 C^Cg-Alkyl, H, Na Oder K ist, mit der MaBgabe, daB R und R 1 jeweils dieselbe Gruppe sind, wenn C r C 5 - 
Alkyl; 

10 welches umfaBt, daB die entsprechende nicht substituierte Aminverbindung mit einem Trialkylphosphit und Par- 

aformaldehyd bei einer Temperatur unterhalb von 40 °C fOr die erste Stunde der Reaktion umgesetzt wird, urn das 
entsprechende Derivat zu ergeben, das mit mindestens einer Gruppe der Forme! (1 ) substituiert ist, worin aile R 
und R 1 jeweils C r C 5 -Alkyl sind; und 

75 (a) gegebenenfalls gefolgt von waBriger basischer Hydrolyse, urn das entsprechende Derivat zu ergeben, das 

mit einer Gruppe der Formel (1) substituiert ist, worin R C r C 5 -Alkyl und R 1 H, Na oder K ist; 
und/oder 

(b) gegebenenfalls gefolgt von saurer Hydrolyse, urn das entsprechende Derivat zu ergeben, das mit einer 
Gruppe der Formel (1) substituiert ist, worin R und R 1 beide H sind. 

20 

2. Verfahren nach Anspruch 1 . worin R und R 1 beide C r C 5 -Alkyl sind. 

3. Verfahren nach Anspruch 2, welches umfaBt, daB Cyclen mit Tributylphosphrt oder Triethylphosphit und Paraform- 
aldehyd in THF umgesetzt wird, urn jeweils l,4,7,lO-Tetrazacyclododecan-1,4,7,lO-methylendibutylphosphonat 

25 oder i^J.IO-Tetraazacyclododecan-I^J.IO-methylendiethylphosphonat herzustellen. 

4. Verfahren nach Anspruch 2, welches umfaBt, daB 2,11-Diaza[3.3)(2,6)pydinophan mit Trimethylphosphit Oder 
TriethylphospHit und Paraformaldehyd in THF umgesetzt wird, urn jeweils N.N'-Bisfmethylendimethylphosphonat)- 
2, 1 1 -diaza[3. 3](2 ( 6)pydinophan oder N,N , -Bis(methylendiethylphosphonat)-2, 1 1 -diaza[3. 3](2,6)pydinophan her- 

30 zustetlen. 

5. Verfahren nach Anspruch 2, welches umfaBt, daB N-(2-Pyridylmethyl)O,4,7 t 10-tetraazacyclododecan mit 
Triethylphosphit oder Tripropylphosphit und Paraformaldehyd in THF umgesetzt wird, urn jeweils N-(2-Pyridylme- 
thyl)-N\^N"Mris(methylendie^ oder N-(2-Pyridylmethyl)-N\N 

35 N'Mris-fmethylendipropylphosphonatJ-l^.r.lO-tetraazacyclododecan herzustellen. 

6. Verfahren nach Anspruch 2 zur Herstellung von 3,6,9, 15-Tetraazabicyclo{9. 3.1 ]pentadeca-1 ( 15), 11,1 3-trien- 
3,6,9-methylendiethylphosphonat, welches umfaBt, daB 3,6.9,15-Tetraazabicyclo[9.3.1]pentadeca-1(15),1 1.1 
3-trien mit Triethylphosphit und Paraformaldehyd in THF umgesetzt wird. 

40 

7. Verfahren nach Anspruch 2, welches umfaBt, daB 3,6,9, 15-Tetraazabicyclo{9.3.1]pentadeca-1 (15), 11,1 3-trien mit 
Tripropylphosphit oder Tributylphosphit und Paraformaldehyd in THF umgesetzt wird, um jeweils 3,6,9, 15-Tetra- 
azabicycb(9.3.1]pentadeca-1 (15), 11,1 3-trien-3,6,9-methylendi(n-propyl)phosphonat Oder 3,6,9,1 5-Tetraazabi- 
cyclo[9.3.1]pentadeca-1 (15), il,l3-trien-3,6,9*methylendi(n-butyl)phosphonat herzustellen. 

45 

8. Verfahren nach Anspruch 1 , worin jede R-Gruppe H, Na Oder K ist und jede R 1 -Gruppe C r C 5 -Alkyl ist. 

9. Verfahren nach Anspruch 8, welches umfaBt, daB 

so (a) Cyclen mit Tributylphosphrt und Paraformaldehyd in THF umgesetzt wird, um 1 ,4,7,1 0-Tetraazacyclodo- 

decan-1, 4,7-1 0-methylendibutylphosphonat zu bilden, das gebildete Zwischenprodukt abgetrennt wird und 
dann eine basische Hydrolyse mit KOH in einem Co-L6sungsmittel aus Wasser und Dioxan durchgef uhrt wird, 
um 1,4,7,10-Tetracyclododecan-l ,4.7,10-tetramethylenbutylphosphonat-Tetrakaliumsalz zu bilden, 
(b) 2,11-Diaza[3.3](2,6)pydinophan mit Triethylphosphit und Paraformaldehyd in THF umgesetzt wird, um N, 

55 N'-Bis(methylendiethylphosphonat)-2,l 1 -diaza[3.3](2,6)pydinophan zu bilden, das gebildete Zwischenprodukt 

abgetrennt wird und dann eine basische Hydrolys mit KOH in Wass r durchgefuhrt wird, um N,N'-Bis(me- 
thylenphosphonsaure- thylest r)-2,1l-diaza[3.3](2,6)pydinophan zu bilden, 
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(c) a6,9.15-Tetraazabicyclol9.3.1]-p ntadeca-l(15),H,13-trien mit Tributylphosphit und Paramformaldehyd 
in THF umgesetzt wird, urn 3,6,9,1 5-Tetraazabicyclo(9.3.1]-pentadeca-1(15),11,13-tri n-3,6,9-methyl ndi(n- 
butyl)phosphonat zu bilden, das gebildete Zwischenprodukt abgetr nnt wird und dann eine basische Hydro- 
lyse mit KOH in einem Co-Ldsungsmittel aus Wasser und Dbxan durchg fuhrt wird, um 3,6,9,15-Tetraazabi- 
cycto[9.3.1)pentadeca-1(15),11 t 13-trien-3,6,9-m thylen(n-butyl)phosphonat-Trikaliumsatz zu bilden, 

(d) 3,6,9, 1 5-Tetraazabicyclo[9.3. 1 ]pentadeca-1 (1 5), 1 1 , 1 3-tri n mit Tripropylphosphit und Paraformaldehyd in 
THF umgesetzt wird, um 3,6,9,15-Tetraazabicyclo(9.ai]pentadeca-1(15),11 ,13-trien-3,6.9-methylendi(n-pro- 
pyl)phosphonat zu bilden, das gebildete Zwischenprodukt abgetrennt wird und dann eine basische Hydrolyse 
mit KOH in Wasser durchgefuhrt wird, um ae.g.lS-Tetraazabicycloig.ailpentadeca-MISJ.II.IS-trien- 
3,6,9-methylen(n-propyl)phosphonat-Trikaliumsalz zu bilden, 

(e) 3,6,9,15-Tetraazabicyclo[9.3.1]-pentadeca-1(15) ( 11,13-trien mit Triethylphosphit und Paraformaldehyd in 
THF umgesetzt wird, um 3,6,9,15-Tetraazabi(^clc{9.3.1]pentadeca-1(^^ 

hosphonat zu bilden, das gebildete Zwischenprodukt abgetrennt wird und dann eine basische Hydrolyse mit 
KOH in Wasser durchgefuhrt wird, um 3,6,9, 1 5-Tetraazabicyclo[9.3. 1 ]-pentadeca-1 (1 5), 1 1 , 1 3-trien-3,6,9-me- 
thylenethylphosphonat-Trikaliumsalz zu bilden, 

(f) N-(2-Pyridylmethyl)-1 ,4,7,10-tetraazacyclododecan mit Triethylphosphit und Paraformaldehyd in THF um- 
gesetzt wird, um N-(2-Pyridylmethyl)-N , ,N*,N" , -tris(methylendiethylphosphonat)-1 ,4.7,1 O-tetraazacyclodode- 
can zu bilden, das gebildete Zwischenprodukt abgetrennt wird und eine basische Hydrolyse mit KOH in Wasser 
durchgefuhrt wird, um N-(2-Pyrioyimethyl)-N\NVN^ 

zacyclododecan zu bilden, Oder 

(g) N-(2-Pyridylmethyl)-1,4,7,10-tetraazacyclododecan mit Tripropylphosphit und Paramformaldehyd in THF 
umgesetzt wird, um N-(2-Pyridylmethyl)-N\N\^ 

dodecan, zu bilden, das gebildete Zwischenprodukt abgetrennt wird und dann eine basische Hydrolyse mit 
KOH in Wasser durchgefuhrt wird. um N-(2-Pyridylmethyl)-N , I N",N"-Tris(methylenphosphonsaurepropyle- 
ster)-1 ,4,7,10-tetraazacyclododecan zu bilden. 

10. Verfahren nach Anspruch 1, worin jedes R und jedes R 1 H, Na Oder K ist. 

11. Verfahren nach Anspruch 10, welches umfaftt, daB 2,11-Diaza[3.3](2,6)pydinophan mit Trimethylphosphit und 
Paraformaldehyd in THF umgesetzt wird, um N l N , -Bis(methylendimethylphosphonat)-2,11-diaza{3.3](2,6)pydino- 
phan zu bilden, und das gebildete Zwischenprodukt mit erwarmter HCI hydrolysiert wird, um N,N'-Bis(methylen- 
phosphonsaure)-2, 1 1 -diaza[3.3](2.6)pydinophan herzustellen. 

12. Verfahren nach Anspruch 1, worin das Trialkylphosphit ein TrifCT-C^AIkyOphosphit ist. 

13. Verfahren nach Anspruch 1 oder 2, worin die waGrige basische Hydrolyse unter Verwendung eines Alkalimetall- 
hydroxids durchgefuhrt wird. 

1 4. Verfahren nach einem der Anspruche 1 , 1 2 oder 1 3, worin die R- oder R 1 -Gruppe C 3 -C 5 -Alkyl ist und die wa&rige 
basische Hydrolyse in Gegenwart eines organischen wassermischbaren Co-L6sungsmittels durchgefuhrt wird. 

1 5. Verfahren nach einem der vorhergehenden Anspruche, worin das Derivat ein azamacrocyclischer Ligand ist, wobei 
R und R 1 dieselben sind und C r C s -Alkyl sind, und die Temperatur unterhalb von 40 °C wahrend der ersten Stunde 
der Reaktion gehalten wird. 

16. Verfahren nach Anspruch 1 , worin das Derivat ein azamacrocyclischer Ligand ist, worin R und R 1 beide dieselben 
sind und C^Cg-Alkyl sind und worin eine nicht-waGrige Flussigkeit vorhanden ist. 

17. Verfahren nach Anspruch 16, worin die Flussigkeit ein aprotisches polares Losungsmittel oder ein Alkohol ist. 

18. Verfahren nach Anspruch 17, worin das Losungsmittel Tetrahydrofuran ist. 

19. Verfahren nach Anspruch 1, worin das Derivat ein acyclisches Amin ist, worin R und R 1 dieselben sind und C^Cs 
Alkyl sind und die Temperatur unterhalb von 40 °C fur die erste Stunde der Reaktion gehalten wird. 

20. Verfahren nach Anspruch 19, worin ein Trialkylphosphit und Paraformaldehyd vereinigt werden und anfanglich 
gekuhlt werden, gefolgt von der kontrollierten Zugabe des acyciischen Amins, und die Temperatur unter Verwen- 
dung ein s Eisbads gehalten wird. 
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21 . Vertahren nach Anspruch 1 9 Oder Anspruch 20, worin das acyclische Amin Ethyl ndiamin, Diethytentriamin oder 
Triethylentetraamin ist. 

22. Vertahren nach Anspruch 21, worin basische Hydrolyse die Monoalkyl-phosphonat ergibt. 

5 

23. Vertahren nach Anspruch 22, worin saure Hydrolyse die entsprechenden Phosphonsaure-Derivate ergibt, welche 
Ethylendiamintetramethylenphosphonsaure, Diethylentriaminpentamethylenphosphonsaure oder Triethylentetra- 
aminhexamethylenphosphonsaure sind. 

10 24. Vertahren nach Anspruch 1 , worin das azamacrocyclische oder acyclische Aminophosphonat-Derivat durch die 
Formel 

A-(N-CH 2 CH 2 «N) q -Z (2) 

15 

dargestellt ist, worin: 

q eine ganze Zahl von 1 bis 5 einschlieGlich ist; 

A 0, 1 oder 2 Gruppen der wie in Anspruch 1 detinierten Formel (1) oder Wasserstoff ist; 
20 z 0, 1 Oder 2 Gruppen der wie in Ar -pruch 1 detinierten Formel (1 ) oder Wasserstotf ist; 

mit der MaGgabe, daG mindestens eine A- oder Z-Gruppe der wie in Anspruch 1 beanspruchten Formel (1) vor- 
handen ist; und 

A und Z verbunden sein konnen, urn eine cyclische Verbindung zu bilden. 

25 

Revendications 

1 . Precede de preparation d'ester amtnophosphonate azamacrocyclique ou acyclique, possedant au moins un atome 
30 d'azote substitue par au moins un fragment de formule : 

-CHgPOgRR 1 (1) 

35 dans laquelle R repr6sente un atome d'hydrogene ou un groupe alkyle en a C 5 , etant entendu que tous les R 

represented le meme atome ou groupe, et R 1 represente un groupe alkyle en C A a C 5 , un atome d'hydrogene, 
un atome de sodium ou un atome de potassium, etant entendu que tous les R et R 1 represented le meme groupe 
lorsque ce sont des groupes alkyle en C<, a C 5 , 

qui comprend I'etape consistant a taire reagir le compose amine non substitue correspondent avec un phosphite 
40 de trialkyle et du paraformaldehyde, a une temperature inf erieure a 40 °C pendant la premiere heure de la reaction, 

pour obtenir le derive correspondant substitue par au moins un fragment de formule (1 ), dans lequel tous les R et 
R 1 represented des groupes alkyle en C, a C 5 , 

cette etape etant eventuellement suivie de (a) rhydroiyse par une base en milieu aqueux, pour obtenir le derive 
correspondant substitue par un fragment de formule (1) dans laquelle R represente un groupe alkyle en C, a C 5 
45 et R 1 represente un atome d'hydrogene, de sodium ou de potassium, et/ou de (b) une hydrolyse par un acide pour 

obtenir le derive correspondant substitue par un fragment de lormule (1 ) dans laquelle R et R 1 represented tous 
deux des atomes d'hydrogene. 

2. Precede selon la revendication 1 , dans lequel R et R 1 represented tous deux un groupe alkyle en C r C 5 . 

so 

3. Precede selon la revendication 2, qui comprend I'etape consistant a faire reagir le cyclen avec le phosphite de 
tributyle ou le phosphite de triethyle et du paraformaldehyde dans du tetrahydrof urane THF, pour produire respec- 
tivement le 1,4, 7,1 0-tetraazacyclododecane-1 , 4,7,1 0-methylenephosphonate de dibutyle et le 1, 4,7,1 0-tetraaza- 
cyclododecane-l,4,7,10-methylenephosphonate de diethyle. 

55 

4. Precede selon la revendication 2, qui comprend l'6tape consistant a faire reagir I 2, 11 -diaza[3,3](2,6)-pydinopha- 
ne av c le phosphite de trimethyle ou le phosphite de tridthyle et du paraformaldehyde dans du THF, pour produire 
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respectivement ie N,N'-bis(dim6thylphosphonom6thyl6ne)-2, 1 1 -diaza[3, 3](2,6)pydinophane t le N ,N'-bis(diethyl- 
phosphonomethylene)-2, 1 1 «diaza{3,3)(2,6)-pydinophane. 

5. Procede selon la revendication 2, qui comprend I'etape consistant a fair reagir le N-<2-pyridylmethyl)-1 ,4,7, 1 0-te- 
5 traazacyctododecane avec le phosphite de triethyle ou le phosphite de tripropyle et du paraformaldehyde dans du 

THF, pour produire respectivement le N-(2-pyridylmethyl)-N\N , ,N B, -tris(diethyiphosphonomethylene)-1 ,4,7,1 0-te- 
traazacyclododecane et le N-(2-pyridytmethyl)-N , l N' 1 N" , -tris(dipropylphosphonomethylene)-1 .4,7, 10-tetraazacy- 
clododecane. 

10 6. Procede selon la revendication 2 pour preparer le 3,6,9,1 5-tetraazabicyclo(9.3.1)pentadeca-1 (15), 11,1 3-triene- 
3,6,9-methylenephosphonate de diethyle, qui comprend I'etape consistant a faire reagir le 3,6,9, 1 5-tetraazabicyclo 
[9.3.1]pentadeca-1(15),11,13-triene avec du phosphite de triethyle et du paraformaldehyde dans du THF 

7. Procede selon la revendication 2, qui comprend I'etape consistant a faire reagir le 3,6,9, 1 5-tetraazabicyclc(9.3.1 ] 
15 pentadeca-1 (1 5), 11 , 1 3-trtene avec du phosphite de tripropyle ou du phosphite de tributyle et du paraformaldehyde 

dans du THF, pour produire respectivement le 3,6,9, 15-tetraazabicyclo(9.3.1]pentadeca-1( 15), 11,1 3-triene- 
3,6,9-methylenephosphonatede di(n-propyle) et le ae^.lS-tetraazabicycloig.ailpentadeca-H^) ,11,13-triene- 
3,6,9-methylenephosphonate de di(n-butyle). 

20 8. Procede selon la revendication 1 , dans lequel chaque groupe R represente un atome d'hydrogene, de sodium ou 
de potassium et chaque groupe R 1 represente un groupe alkyle en a C s . 

9. Procede selon la revendication 8, qui comprend les etapes consistant a : 

25 (a) faire reagir ie cyclen avec du phosphite de tributyle et du paraformaldehyde dans du THF pour former le 

I , 4,7,10-tetraazacyclododecane-1 ,4,7,10-m6thylenephosphonate de dibutyle, separer te produit intermediai- 
re forme et realiser ensuite I'hydrolyse en milieu basique avec KOH dans un melange de solvants constitue 
d'eau et de dioxane, pour former le sel t6trapotassique de 1 ,4,7, 1 0-tetraaxacyclododecane-1 ,4,7, 1 0-tetra(m§- 
thylenephosphonate de butyle), 

30 (b) faire reagir le 2, 1 1 -diaza[3.3](2,6)pydinophane avec du phosphite de triethyle et du paraformaldehyde dans 

du THF, pour former ie N,N , -bis(diethylphosphonomethylene)-2,11-diaza[3.3](2,6)pydinophane, separer le 
produit intermediaire forme et realiser ensuite I'hydrolyse en milieu basique, avec KOH dans de I'eau, pour 
former le N.N'-bisfmethylenephosphonate de mono6thyle)-2,11-dia2a[3.a)(2.6)pydinophane, 
(c) faire reagir le 3,6, 9, 1 5-tetraazabicyclo-[9.3. 1 ]pentadeca-1 (1 5), 1 1 , 1 3-triene avec du phosphite de tributyle 

35 et du paraformaldehyde dans du THF, pour former le S.e^.lS-tetraazabicyclojg.S.IJpentadeca-lflS), 

II, 13-triene-3,6,9-methylenephc^phonate de di(n-butyle), separer le produit intermediaire forme et realiser 
ensuite I'hydrolyse en milieu basique, avec KOH dans un melange de solvants constitue d'eau et de dioxane, 
pour former le sel tripotassique de 3,6,9,15-tetraazabicyclo(9.3.1]pentad6ca-1 (15),l1,13-triene-3,6,9-methy- 
lenephosphonate de n-butyle, 

40 (d) faire reagir le 3,6,9, 1 5-tetraazabicyclo-{9. 3. 1 ]pentadeca-1 ( 1 5), 1 1 , 1 3-triene avec du phosphite de tripropyle 

et du paraformaldehyde dans du THF, pour former le S.e.gjS-tetraazabicyclojg.S.llpentadeca-lflS), 
1 1 ,1 3-triene-3,6,9-methylenephosphonate de di(n-propyle), separer le produit intermediaire forme et realiser 
ensuite i'hydrolyse en milieu basique, avec KOH dans de I'eau, pour former le sel tripotassique de 3,6,9,1 5-te- 
traazabicyclo(9. 3. 1 ]pentadeca-1 ( 1 5), 1 1 , 1 3-triene-3,6,9-methylenephosphonate de n-propyle, 

45 (e) faire reagir le 3,6.9, 15-tetraa2abicyclo[9.3.1]pentadeca-1 (15), 11,1 3-triene avec du phosphite de triethyle 

et du paraformaldehyde dans du THF, pour former le 3,6,9, 15-tetraazabicyclo(9.3,1)pentad6ca-1 (15), 
11,13-triene-3,6,9-methylenephosphonate de diethyle , separer te produit interm6diaire form6 et realiser en- 
suite I'hydrolyse en milieu basique, avec KOH dans de I'eau, pour former le sel tripotassique de 3,6,9,15-te- 
traazabicyclo[9.3. 1 ]pentadeca-1 (1 5),1 1 ,1 3-triene-3,6,9-methylenephosphonate d'ethyle, 

so (f) faire reagir le N-(2-pyridylmethyl)-1,4,7,10-tetraazacyclododecane avec du phosphite de triethyle et du 

paraformaldehyde dans du THF, pour former le N-(2-pyridylmethyl)-N",N - ,N"-tris(diethylphosphonomethyle- 
ne)-1,4,7,10-tetraazacyclododecane, separer le produit intermediaire forme et realiser ensuite I'hydrolyse en 
milieu basique, avec KOH dans de I'eau. pour former le N-(2-pyridylmethyl)-N',N , l N"-tris(methylenephospho- 
nate de monoethyle)-1,4,7,10-tetraa2acyclododecane, ou 

ss (g) faire reagir le N-(2-pyridylmethyl)-l ,4,7,10-tetraazacyclododecane avec du phosphite de tripropyle et du 

paraformaldehyde dans du THF, pour former le N-(2-pyridylmethyO-N , ,N',N"-tris(dipropylphosphonomethyle- 
ne ).«j i 4 t 7 ( 10-tetraazacyclododecane, separ r le produit intermediaire forme et realiser ensuite I'hydrolyse en 
milieu basique, avec KOH dans de I'eau, pour former le N-(2-pyridylmethyl)-N , ,N',N"-tris(methylenephospho- 
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nate de monopropyleHAT.IO^etraazacyclododecane. 

10. Procdde selon la r vendication 1, dans I quei chaque R et chaque R 1 represent nt un atom d'hydrogene, de 
sodium ou de potassium. 

5 

1 1 . Procecle selon la revendication 1 0, qui comprend la reaction du 2, 1 1 -diaza[3. 3](2,6)pydinophane avec du phosphite 
de trimethyle et du paraformaldehyde dans du THF, pour former le N,N , -bis(dimethylphosphonomethylene)- 
2,11-diaza[3.3](2,6)pydinophane, et t'hydrolyse du produit intermediate forme avec de Tacide chlorhydrique a 
chaud, pour produire Tacide 2,11-dia2a[3.3](2 > 6)pydinophane-N,N , -bis(methyienephosphonique). 

10 

12. Precede selon la revendication 1, dans lequel le phosphite de trialkyle est un phosphite de tri(aikyie en C 1 a C 4 ). 

13. Precede selon la revendication 1 ou 2, dans lequel I'hydrolyse par une base en milieu aqueux est realisee a ('aide 
d'un hydroxyde de metal alcalin. 

15 

1 4. Precede selon Tune quelconque des revendications 1 , 1 2 et 1 3, dans lequel le groupe R ou ie groupe R 1 represente 
un groupe alkyle en C 3 a C 5 et I'hydrolyse par une base en milieu aqueux est realisee en presence d'un cosolvant 
organique, miscible a Teau. 

20 15. Precede seion Tune quelconque des revendications precedentes, dans lequel Tester est un ligand azamacrocy- 
ciique pour lequel R et R 1 sont identiques et rep resent ent des groupes alkyle en C r C 5 , et la temperature est 
maintenue a une valeur inferieure a 40 °C pendant la premiere heure de reaction. 

16. Precede selon la revendication 1 , dans lequel Tester est un ligand azamacrocyclique pour lequel R et R 1 sont tous 
25 deux identiques et sont des groupes alkyle en C r C 5 . et dans lequel est present un liquide non-aqueux 

17. Precede selon la revendicatbn 16, dans lequel le liquide est un solvant polaire aprotique ou un a tool. 

18. Precede selon la revendicatbn 17, dans lequel le solvant est le tetrahydrofurane. 

30 

19. Precede selon la revendication 1, dans lequel Tester est un derive d'amine acyclique, pour lequel R et R 1 sont 
identiques et representent des groupes alkyle en C, -C 5 , et dans lequel la temperature est maintenue a une valeur 
inferieure a 40 °C pendant la premiere heure de la reaction. 

35 20. Precede selon la revendication 19, dans lequel un phosphite de trialkyle et du paraformaldehyde sont combines 
et refroidis initialement, puis on ajoute prog ressivem ent Tannine acyclique en maintenant la temperature a I'aide 
d'un bain de glace. 

21 . Precede selon la revendication 19 ou 20, dans lequel i'amine acyclique est Tethylenediamine, la diethylenetriamine 
40 ou la triethylenetetramine. 

22. Precede selon la revendication 21 , dans lequel I'hydrolyse par une base foumit les phosphonates de monoalkyle. 

23. Precede seion la revendication 22, dans lequel I'hydrolyse par un acide four nit les acides phosphoniques corres- 
45 pondants qui sont Tacide ethylenediaminetetramethylenephosphonique, Tacide diethylenetriaminepentamethy- 

lenephosphonique et Tacide tnethylenetetraminehexamethylenephosphonique. 

24. Precede selon la revendication 1 , dans lequel Tarn inophosphon ate azamacrocyclique ou acyclique est represente 
par la fonmule : 

so 

A-(N-CH 2 CH 2 -N) q -Z (2) 

dans laquelle q designe un nombre entier ayant une valeur de 1 a 5, bomes incluses, A represente 0, 1 ou 2 
55 fragments de formula (1 ) telle que definie dans la revendication 1 , ou atomes d'hydrogene, Z represente 0, 1 ou 

2 fragments de formule (1) telle que definiedans la revendication 1, ou atomes d'hydrogene, etant entendu qu'au 
moins un fragment A ou Z d fonmule (1) telle que definiedans la revendication 1 est present, et A et Z peuvent 
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dtr reli6s pour tormer un compost cyclique. 
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